Abstract. The research actuality and development of parallel manipulators are talked over in this paper. A parallel robot driven by double sliders linear motor has been presented. The kinematics and singularities of the 2 degrees of freedom (DoFs) parallel mechanism of the robot are analyzed. On the basis of that, a new kind of parameters design method based on singularity, workspace and extreme position angle of the mechanism is presented. And the relationships between the structure parameters and the size of reachable workspace, as well as the area of effective workspace based on the method are discussed. The results will provide theoretical basis for application and structure parameters design of the robot.
Introduction
At present, according to the different forms of the robot structure, the industrial robot can be divided into two categories, serial robots and parallel robots. Compared with the traditional serial robots, the main shortcoming of parallel robots is small workspace. Hence, for the different size of parameters of the robot mechanism, it is the premise of supsequent analysis, synthesis and trajectory planning to grasp the shape and size of workspace.
The workspace is not only an index to evaluate the working region of a mechanism, but also a reference region to define a global index. Normally, to economize the occupied space, we require the workspace/volume ratio of a designed machine to be as large as possible [1] .
Generally, robots do not need the whole 6-DoFs to complete tasks in industrial production. Therefore, parallel manipulators with less than 6-DoFs, especially 2 or 3-DoFs have been increasingly attracted attention. Parallel manipulators with 2 or 3-DoFs play an important role in industry and can be applied in parallel kinematics machines, sort, pick and place applications, and other fields. Meanwhile, the parallel robots have the advantages of quick operating frequency, high positioning accuracy, small moving inertia, simple solution of inverse kinematics, easy real-time control etc. Therefore, the parallel robots are easier to realize high speed and precision motion positioning.
The five-bar mechanism is such a typical parallel mechanism with the minimal degrees of freedom (DoFs) in the field, which can be used for positioning a point on a region of a plane that is known as the workspace [2] . Above all, the kinematic design methodology is one of the key parts of kinematic design theory for parallel mechanisms. A relationship between the global conditioning index and the link lengths of two dof planar parallel manipulators was obtained based on a physical model for the solution space [3] . A hybrid method for the optimum kinematic design of two-degree-of-freedom (2-DoF) parallel manipulators with mirror symmetrical geometry was presented [4] .
A parallel robot driven by double sliders linear motor has been presented [5] . Parallel mechanism driven by double sliders linear motor, on the one hand, it reduces the complexity of parallel mechanism, which made the whole body more compact and easier to install; on the other hand, it improves precision, sensitivity, rapidity and mobility of the mechanism. In the aspect of the robot structure 5th International Conference on Advanced Design and Manufacturing Engineering (ICADME 2015) parameters design, a new kind of parameters design method based on singularity, workspace and extreme position angle of the mechanism has been presented.
Structure Description
The parallel robot driven by double sliders linear motor is shown in Fig. 1 .The parallel mechanism is drove by double sliders linear motor1, which mainly includes two sliders 12, 13, a stator 11. Double sliders can slide along the stator. The linear motor is installed on the frame 9. And two sliders are connected to the moving platform 4 by two kinematic chains. The rigidity of the parallel mechanism can be improved effectively by the chain's virtual constraint. Adaptable interface5 is set on the moving platform, hence different grippers can be installed according to the actual requires [6] . The moving platform's position can be changed within a certain range by changing the displacement of sliders. Each chain is built as a parallelogram mechanism, so the moving platform is always parallel to the fixed platform by the properties of the parallelogram. Therefore, the motion of moving platform is purely translational motion in a plane. 
Kinematics Analysis
Since the motions of two links of each kinematic chain are identical due to the parallelogram structure, the mechanism kinematic model can be simplified as illustrated in Fig.2 . Taking left endpoint of the double sliders linear motor rail as the origin, to establish OXY −−coordinate system. The base coordinate system OXY −−is attached to the base with its X axis horizontal through the guide rail. , ONare two endpoints of the guide rail, ONL = .The length of each rod is R . , AB indicate the left and right slider of linear motor respectively. Setting displacement 12 , xxof the two sliders as input variable of the mechanism. O′ is the center point of the moving platform, its , xy displacement as the mechanism's output variable. The angle between the rod and guide rail is .
α Then, the coordinates of each point in the fixed coordinate system are ( ) 
For the configuration shown in Fig. 2 , the inverse solutions of the kinematics only are 
Taking the derivatives of Eq.1 with respect to time gives
where J is the Jacobian expressed as 
Determinant of J is 0.50.5 0.5cos/sin0.5cos/sin J αααα
then, Eq. 8 can be expressed as 0.5cos/sin
Hence, two singular position of the mechanism can be got: the two bars are perpendicular to the guide rail and straightened. Singularities will lead to a loss of controllability and degradation of the natural stiffness of the manipulators, which they must be avoided in the process of the robot structure parameters design.
Workspace Analysis
Workspace refers to the regional scope which the endpoint of robot can reach. Workspace can be divided into the reachable workspace, dexterity workspace etc. The workspace for the 2-DoFs planar parallel manipulator is a region of the plane derived by the workspace of the reference point O ′ of the moving platform.
From Eq.1, the reachable workspace of the reference point O′ is the intersection of the sub-workspaces associated with the two kinematic chains as shown in Fig.3 and 4 . Fig.3 Reachable workspace of the 2-DoFs parallel robot When /2 RL < , the reachable workspace of the parallel robot is shown in Fig. 3 . When /2 RL > , the reachable workspace of the parallel robot is shown in Fig.4 . As it can be seen from Fig.4 , the reference point O′ is faraway from the frame and the effective workspace domain is relatively small and narrow, which is unfavorable for the actual production application. Therefore, this kind of situation should be avoided when determining the parameters of mechanism.
Fig.4 Reachable workspace of the 2-DoFs parallel robot

Design Method of Mechanism Parameters
When the size of mechanism is determined, the size of its workspace is certain. There is one to one corresponding relationship between structure parameters and workspace. On the basis of the relationship, the size type with the largest workspace in the structural parameters can be found. Generally speaking, the structural parameters can be changed from zero to infinity, how to use mathematical model to describe the relationship between structure parameters and workspace will be very meaningful.
Constraint Conditions. In order to ensure the force transmission characteristics of the mechanism and avoid singular position, it is necessary to limit the angle between the rod and guide rail. The relationship between reachable workspace and structure parameters can be expressed as ( ) Hence, considering the force transmission characteristics of the mechanism and singular position, when 2.1 LR ≈ , the larger reachable workspace can be got. It is an important conclusion of this paper. Performance Index of Workspace. In the process of mechanism design, the actual tasks should be operated in a particular shape region, so the reachable workspace is not necessarily representative of a larger particular shape area. In practical applications, the task workspace is usually defined as a rectangular area in the reachable workspace to evaluate the performance of the robot.
The maximum inscribed quadrilateral is established based on the analysis of the shape of reachable workspace showed in Fig.5 . , the area of inscribed quadrilateral can be expressed as
The area satisfies the following constraint conditions: . Effective workspace can better reflect the actual work area. From the relationship between effective workspace and structure parameters, if the structure parameters are constant, the actual work area is determined. Conversely, if the certain types of actual operation area are known, the structure parameters of mechanism can be selected. The design procedure of structure parameters of parallel robot driven by double sliders linear motor is shown in Fig.6 . Fig.6 The design procedure of structure parameters
Conclusions
A parallel robot driven by double sliders linear motor has been presented. The kinematic and singularities of the 2-DoFs parallel mechanism of the robot has been investigated. 0/2 or απ = are two singular position of the mechanism. A new kind of mechanism parameters design method based on singularity, workspace and extreme position angle of the mechanism has been presented. And the relationships between the structure parameters and the size of robot mechanism, as well as the area of effective workspace based on the method has been discussed. When 2.1 LR ≈ , the larger reachable workspace can be got, and the maximum area of effective workspace is 2 0.19R . The results will provide theoretical basis for the application and structure parameters design of the robot.
